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Abstract

Rainbows are unique atmospheric optical phenomena, and many regions on Earth are prone to
forming rainbows due to various natural conditions, often becoming local tourist attractions. Sun
Moon Lake Scenic Area in Nantou, Taiwan, is located in a mountainous region where thermal
thunderstorms often occur in the summer afternoons. After the rain, rainbows frequently appear and
are captured by nearby meteorologists and tourists. Therefore, if we can analyze the meteorological
conditions that lead to the formation of rainbows at Sun Moon Lake using meteorological data or
even predict them, it would not only enhance the academic research value of local atmospheric
phenomena but also provide a richer experience for local tourism.

In this study, we first categorized cases into three groups: those with rainbows, those with
thermal thunderstorms without rainbows, and those without thermal thunderstorms. We confirmed
the occurrence of rainbows through online images and then compared the atmospheric conditions
around Sun Moon Lake, including precipitation patterns and sunlight hours, using data from the Sun
Moon Lake weather station, radiosonde data, rainfall maps, radar data, and sunshine duration records
for both cases with and without rainbows. We also composited data from the NCEP FNL global model
to analyze parameters such as CAPE (Convective Available Potential Energy), K-index, 850 hPa
high-pressure edges, and wind fields for these three categories of cases. Finally, we compared the
forecasting performance of the Central Weather Bureau's QPF (Quantitative Precipitation Forecast)
data to assess its reliability.

From the radiosonde data, it is evident that most cases with rainbows and cases with thermal
thunderstorms but without rainbows have higher K-index values, while cases without thermal
thunderstorms tend to have lower values. The differences between cases with rainbows and cases with
thermal thunderstorms but without rainbows are relatively small, and a similar trend is observed for
CAPE values. Radar analysis results show that the majority of cases with rainbows exhibit
precipitation echoes on the eastern side of Sun Moon Lake, with little or weaker echoes on the western
side, whereas other cases without rainbows lack one or both of these conditions. This result plays a
crucial and determining role in the formation of rainbows. Comparing Sun Moon Lake weather station

data on sunshine duration and precipitation reveals that cases with rainbows often exhibit both
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minimal sunlight and precipitation, while cases without rainbows show greater discrepancies and
lower synchronicity between these factors. Analysis of K-index and CAPE values from the NCEP
FNL model data closely aligns with the radiosonde data analysis. Cases with rainbows and cases with
thermal thunderstorms but without rainbows have higher K-index and CAPE values, whereas cases
without thermal thunderstorms tend to have lower values. Regarding the high-pressure edge, cases
without thermal thunderstorms tend to be westward compared to cases with thermal thunderstorms
and rainbows. Near-surface wind directions for cases with thermal thunderstorms and rainbows are
predominantly from the south to southeast, while cases without thermal thunderstorms exhibit an
eastward wind bias. Comparing the QPF data reveals that cases with rainbows forecast more scattered
rainfall patterns, whereas cases with thermal thunderstorms but without rainbows have broader and
more intense rainfall coverage. In contrast, cases without thermal thunderstorms tend to overestimate

rainfall when compared to actual observations.
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